













Study on Autonomous Collision Avoidance System 













































5HFHQW DGYDQFHV LQ SDVVLYH VDIHW\ DQG DFWLYH VDIHW\ WHFKQRORJLHV KDYH JUHDWO\
FRQWULEXWHG WR D UHPDUNDEOH GHFUHDVH LQ WUDI¿F IDWDOLWLHV KRZHYHU WKH QXPEHU RI URDG
DFFLGHQWVUHPDLQVKLJK0RUHRYHULQDQDJHGVRFLHW\DFFLGHQWVLQYROYLQJHOGHUO\GULYHUVDUH
LQFUHDVLQJ HYHU\ \HDU GXH WR WKHLU GHFOLQHG SK\VLFDO DELOLW\ LQ WHUPV RI UHFRJQLWLRQ DQG
GHFLVLRQPDNLQJ )RU LQVWDQFH WKH HIIHFWLYH YLVLELOLW\ UDQJH IRU HOGHUO\ GULYHUV LV QDUURZHU
WKDQ WKDW IRU \RXQJ GULYHUV%DVHG RQ D GULYLQJ WHVW RI D IRUZDUG FROOLVLRQZDUQLQJ V\VWHP
XVLQJ D GULYLQJ VLPXODWRU LW ZDV IRXQG WKDW WKHUH DUH PDQ\ HOGHUO\ GULYHUV ZKR FDQQRW
UHFRJQL]H WKHFROOLVLRQZDUQLQJ VRXQGSURGXFHGE\ WKHGULYHU DVVLVWDQFH V\VWHP0RUHRYHU
HYHQZKHQVRPHRIWKHPUHFRJQL]HWKHFROOLVLRQZDUQLQJVRXQGWKH\FDQQRWEUDNHLQWLPHWR
UHDFW WR D FULWLFDO VLWXDWLRQ 7KHVH IDFWV LQGLFDWH WKDW LQ FULWLFDO VLWXDWLRQV DQ DXWRQRPRXV
GULYLQJ V\VWHP LV RQH RI WKH SURPLVLQJ VROXWLRQV WR SUHYHQW FROOLVLRQV LQYROYLQJ HOGHUO\
GULYHUV 7R LPSURYH WKHLU GHJUDGHG GULYLQJ SHUIRUPDQFH WKLV UHVHDUFK SURMHFW DLPV DW
FRQVLGHUDEO\ LPSURYLQJURDGVDIHW\E\DOORZLQJDXWRQRPRXVGULYLQJFRQWURO LQWHUYHQWLRQ LQ
WKH ODVW IHZ VHFRQGV EHIRUH DQ DFFLGHQW 7R DVVLVW VDIH GULYLQJ WR SUHYHQW DFFLGHQWV E\
FRPSHQVDWLQJ IRU KXPDQ HUURU ZLWK LQWHOOLJHQW YHKLFOH WHFKQRORJLHV LQWHUYHQWLRQ E\
DXWRQRPRXVGULYLQJV\VWHPVVXFKDVHPHUJHQF\EUDNLQJDQGVWHHULQJDVVLVWKDVEHFRPHRQH
RI WKH SURPLVLQJ WHFKQLFDO VROXWLRQV 7KLV SDSHU GHVFULEHV DXWRQRPRXV GULYLQJ LQWHOOLJHQFH
V\VWHPV IRU FROOLVLRQ DYRLGDQFH +HUH WKLV SDSHU IRFXVHV RQ D GULYLQJ VFHQDULR LQ ZKLFK
GULYHUV QHHG WR QHJRWLDWLQJ SHGHVWULDQ 7KH DXWRQRPRXV GULYLQJ LQWHOOLJHQFH V\VWHPV DUH
GHVLJQHG Eȥ WKH DSSOLFDWLRQ RI SRWHQWLDO ¿HOG WKHRU\ DQG WKH SRWHQWLDO ILHOG IXQFWLRQ DQG
SRWHQWLDO SDUDPHWHUV DUH GHWHUPLQHG E\ H[SHUWLVHG GULYLQJ EHKDYLRU )LQDOO\ WKH
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ᅗ 1.1.8 ࡟ᶓ᩿Ṍ⾜⪅ጉᐖ㐪཯࡟ࡼࡿṚஸ஦ᨾࡢ㐨㊰ᙧ≧ูᵓᡂ๭ྜࢆ♧ࡍ (7)㸬ᶓ
᩿Ṍ⾜⪅ጉᐖ㐪཯࡟ࡼࡿṚஸ஦ᨾࡢ 88%ࡀ஺ᕪⅬෆ࡛Ⓨ⏕ࡋ࡚࠾࠸ࡿࡇ࡜ࡀ☜ㄆ࡛
ࡁࡿ㸬ࡲࡓ㸪ᶓ᩿Ṍ⾜⪅ጉᐖ㐪཯࡟஦ᨾࡢṚയᩘࢆ㌴୧࡜Ṍ⾜⪅ࡢ㐍⾜᪉ྥู࡟ศ㢮























➨ 1 ❶  ᗎㄽ  
 
 










⪅ࡢ⿕ᐖ⛬ᗘู࡟ࡲ࡜ࡵࡓ⤖ᯝࢆᅗ 1.1.13 ࡟♧ࡍ (9)㸬ᅗ 1.1.13 ࡛ࡣ㸪᥎ ࡉࢀࡿ⮬
ື㌴ࡢ✵㉮㊥㞳㸦༴㝤ㄆ▱ᚋ㸪ࣈ࣮ࣞ࢟ࢆ㋃ࢇ࡛ῶ㏿ࡋጞࡵࡿࡲ࡛࡟㐍ࡴ㊥㞳㸧࡜೵
➨ 1 ❶  ᗎㄽ  
 
Ṇ㊥㞳㸦༴㝤ㄆ▱ᚋࠊ೵Ṇࡍࡿࡲ࡛࡟㐍ࡴ㊥㞳㸧ࢆ♧ࡍ㸬࡞࠾㸪✵㉮㊥㞳࠾ࡼࡧ೵Ṇ
㊥㞳ࡢ⟬ฟ࡟ࡣ㸪཯ᛂ᫬㛫ࢆ୍⯡ⓗ࡞⠊ᅖࡀ 0.5ࠥ1.0 ⛊࡛࠶ࡿࡇ࡜࠿ࡽ㸪0.7 ⛊࡜タ
ᐃࡋ㸪ࣈ࣮ࣞ࢟࡟ࡼࡿῶ㏿ᗘࡣᛴࣈ࣮ࣞ࢟┦ᙜࡢ 0.6G࡜ࡋ࡚࠸ࡿ㸬  
ᅗ 1.1.13 ࡼࡾ㸪Ṛஸ஦ᨾࡢከࡃࡣ✵㉮࢚ࣜ࢔ෆ࡛Ⓨ⏕ࡋ࡚࠾ࡾ㸪⮬ື㌴ࡀῶ㏿ࡍ









➨ 1 ❶  ᗎㄽ  
 
 ⮬ື㌴ࡢᏳ඲ᢏ⾡࡟㛵ࡍࡿᚑ᮶ࡢ◊✲ 









































➨ 1 ❶  ᗎㄽ  
 
Eyesight Ver.2(SUBARU)ࡸHuman Safety(VOLVO)ࡀᣲࡆࡽࢀࡿ (10)(11)㸬Eyesight 
Ver.2࡜Human Safetyࡢ࢖࣓࣮ࢪࢆࡑࢀࡒࢀᅗ 1.2.2㸪ᅗ 1.2.3࡟♧ࡍ (12)(13)㸬ࡉࡽ࡟㸪
Eyesight Ver.2 ࡜Human Safetyࢆྵࡵࡓ㸪᪤Ꮡࡢ⾪✺஦ᨾᅇ㑊ࢩࢫࢸ࣒ࢆ⾲ 1.2.1
࡟♧ࡍ (14)㸬⾲ 1.2.1 ࡼࡾ㸪Eyesight Ver.2 ࡣ㸪ࢭࣥࢧ࡟ࢫࢸ࣓ࣞ࢜࢝ࣛࢆ౑⏝ࡋ࡚࠾
ࡾ㸪⾪✺ᅇ㑊ࡢࡓࡵࡢ⮬㌴㏿ᗘࡣ 30km/hࡲ࡛࡜ᐃࡵࡽࢀ࡚࠸ࡿ (12)㸬ࢫࢸ࣓ࣞ࢜࢝ࣛ
ࡢỈᖹ᪉ྥど㔝ゅࡣ⣙ 26deg࡛࠶ࡿ (10)㸬୍᪉Human Safetyࡣ㸪ࢭࣥࢧ࡟࣑ࣜἼ࣮ࣞ
ࢲ࡜༢║࣓࢝ࣛࢆ౑⏝ࡋ࡚࠾ࡾ㸪⾪✺ᅇ㑊ࡢࡓࡵࡢ⮬㌴㏿ᗘࡣ 35km/hࡲ࡛࡜ᐃࡵࡽ
ࢀ࡚࠸ࡿ㸬࣑ࣜἼ࣮ࣞࢲࡢど㔝ゅࡣ 60deg㸪༢║࣓࢝ࣛࡢど㔝ゅࡣ 48deg࡛࠶ࡿ (11)㸬
ࡇࡢ௚࡟ࡶNISSANࡢࢹ࢕ࢫࢱࣥࢫࢥࣥࢺ࣮ࣟࣝ࢔ࢩࢫࢺ(DCA : Distance Control 
Assist)➼㸪㌴㍕ࢭࣥࢧ᝟ሗࢆ฼⏝ࡋࡓண㜵Ᏻ඲ᢏ⾡ࡀ┒ࢇ࡟㛤Ⓨࡉࢀ࡚࠸ࡿ (15) 
  




➨ 1 ❶  ᗎㄽ  
 
ࡲࡓ㸪㏆ᖺࡢ஺㏻஦ᨾṚ⪅ᩘῶᑡࡢせᅉࡢ  ࡘ࡜ࡋ࡚㸪஺㏻⎔ቃ࡟࠾ࡅࡿ ,76





















































































➨ 1 ❶  ᗎㄽ  
 
ࡢᵓᡂ࡟ࡘ࠸࡚㏙࡭ࡿ㸬 
 ➨  ❶࡛ࡣ㸪ᮏ◊✲࡛ᥦ᱌ࡍࡿ⮬ᚊᆺ⾪✺ᅇ㑊ࢩࢫࢸ࣒࡟ࡘ࠸࡚㏙࡭ࡿ㸬2.2 ⠇࡛
ࡣ㸪⮬ᚊᆺ⾪✺ᅇ㑊ࢩࢫࢸ࣒ࡢᴫせ࡟ࡘ࠸࡚㏙࡭㸪2.3 ⠇࡛౑⏝ࡍࡿᐇ㦂㌴୧࡛࠶ࡿ
㉸ᑠᆺ㟁Ẽ⮬ື㌴ࠕRAVEL-IIࠖ࡜㸪㌴୧࡟ᦚ㍕ࡍࡿไᚚ⣔ཬࡧィ ⿦⨨࡟ࡘ࠸࡚㏙
࡭ࡿ㸬2.4 ⠇࡛ࡣ LIDAR ࢆ⏝࠸ࡓṌ⾜⪅᳨ฟࢩࢫࢸ࣒࡟ࡘ࠸࡚㏙࡭㸪2.5 ⠇࡛ࡣ㸪᳨
ฟࡋࡓṌ⾜⪅࡟ᑐࡍࡿ⾪✺ࣜࢫࢡ⾲ᡭἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬ࡑࡋ࡚㸪2.6 ⠇࡛㉸ᑠᆺ㟁
Ẽ⮬ື㌴ࡢᦚ㍕ࡉࢀࡓ࢖ࣥ࣍࢖࣮࣮ࣝࣔࢱࡢไ㥑ືࢺࣝࢡไᚚ⣔࡟ࡘ࠸࡚㏙࡭ࡿ㸬  












































ไᚚࢆ⾜࠺㸬   

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Host vehicle  position
)LJ Generic overview of autonomous collision avoidance system 
based on riskSotential estimation

 ⮬ᚊ㉮⾜㌴୧ࣉࣛࢵࢺࣇ࢛࣮࣒ࡢᴫせ 
 RAVEL-IIࡣᅗ 2.3.1࡟♧ࡍࢺࣚࢱ㌴య〇ࡢ㉸ᑠᆺ㟁Ẽ⮬ື㌴ COMSࢆ࣮࣋ࢫ࡟〇స
ࡋࡓᐇ㦂㌴୧࡛࠶ࡿ㸬2.3.1 ⠇࡛ࡣᐇ㦂㌴୧ࡢ࣮࣋ࢫ࡛࠶ࡿ COMS ࡢᴫせ࡟ࡘ࠸࡚㏙
࡭㸪2.3.2 ⠇࡛ᨵ㐀ࢆຍ࠼ࡓ RAVEL-II ࡟ࡘ࠸࡚㏙࡭ࡿ㸬
)LJ Micro Electric Vehicle (COMS)
➨ 2 ❶ ࿘ᅖ⎔ቃ᝟ሗ࡟ᇶ࡙ࡃ⮬ᚊᆺ⾪✺ᅇ㑊ࢩࢫࢸ࣒ࡢ⌮ㄽタィ
18
 ㉸ᑠᆺ㟁Ẽ⮬ື㌴ &206 ࡢᴫせ 
ᅗ 2.3.2 ࡟ COMS ࡢ㥑ືࢩࢫࢸ࣒ࡢᴫ␎ࢆ♧ࡋ㸪⾲ 2.3.1 ࡟୺せᵓᡂせ⣲ཬࡧᶵ⬟



















)LJ Schematic diagram of vehicle system (COMS)
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 5$9(/,, ࡢᴫせ 

















)LJ Device layout of experimental vehicle RAVEL-II
➨ 2 ❶ ࿘ᅖ⎔ቃ᝟ሗ࡟ᇶ࡙ࡃ⮬ᚊᆺ⾪✺ᅇ㑊ࢩࢫࢸ࣒ࡢ⌮ㄽタィ
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 ࢹ࣮ࢱྲྀᚓ࡜ไᚚ 
dSPACE ♫〇ࡢ Digital Signal Processor ࡛࠶ࡿ DS1104 R&D ࢥࣥࢺ࣮࣮ࣟࣛ࣎ࢻ࡜
CP1104 ࢥࣥࢺ࣮ࣟࣛࣃࢿࣝࢆ⏝࠸࡚㸪ィ⟬ᶵ࡛ࡢྛ✀ࢹ࣮ࢱࡢྲྀᚓ࡜㌴୧㐠ືࡢไ





ほᐹ࡜᧯సࡣᑓ⏝ࢯࣇࢺ࢙࢘࢔ Control Desk ࢆ⏝࠸࡚㸪dSPACE ࡢࣜ࢔ࣝࢱ࢖࣒ࣉࣟ
ࢭࢵࢧ࡟࢔ࢡࢭࢫࡋ㸪ᚲせ࡞ኚᩘࡢほ ཬࡧಖᏑ㸪࢜ࣥࣛ࢖࡛ࣥࡢࣃ࣓࣮ࣛࢱࡢኚ᭦
࡞࡝ࡀྍ⬟࡛࠶ࡿ㸬
)LJ DS1104R&D controller board
)LJ  CP1104 controller panel  























)LJ Schematic of steering servo unit
ࡲࡓ㸪௒ᅇ౑⏝ࡋࡓࢧ࣮࣮࣎ࣔࢱ࡟ࡣ 16 ࣅࢵࢺࢩࣜ࢔࢚ࣝࣥࢥ࣮ࢲ࡜ࢠࣖࡀෆⶶ
ࡉࢀ࡚࠾ࡾ㸪᭱኱ 65536/ᅇ㌿ࡢศゎ⬟ࢆᣢࡕࢠࣖẚࡣ 1/9 ࡛࠶ࡿࡓࡵ㸪1 ࣃࣝࢫ࠶ࡓ




Eu u   [deg]        (2.3.1)




୧ ECU ࡢእほࢆ♧ࡋ㸪ᅗ 2.3.9 ࡟࢔ࢡࢭࣝʊ(&8 㛫ࡢ㓄⥺ࡢኚ᭦࡟ࡘ࠸࡚♧ࡍ㸬ᮏ㌴
୧࡛ࡣ㸪ไ㥑ືࢺࣝࢡࡢไᚚࢆ⾜࠺ࡓࡵ㸪㟁ᅽ㸫ࢺࣝࢡ≉ᛶࡢ௙ᵝࡀኚ᭦ࡉࢀࡓ㌴୧
ECU ࢆ⏝࠸㸪ᮏ᮶࢔ࢡࢭࣝ࣌ࢲࣝ࠿ࡽ㌴୧ ECU ࡬ฟຊࡉࢀࡿ࢔ࢼࣟࢢಙྕࢆ PC ࡼ
ࡾฟຊࡍࡿࡇ࡜࡛ไ㥑ືࢺࣝࢡࡢไᚚࢆᐇ⌧ࡋ࡚࠸ࡿ㸬   
)LJ Vehicle ECU
(a) Original system (b) Modified system
Vehicle ECU Potentio meter(Accelerator pedal)
other
Vehicle ECU Potentio meter(Accelerator pedal)
other
PC&DSP
)LJ Modification of wiring for vehicle ECU



















ᅗ 2.3.10 ࡟ࢥࣥࣂ࢖ࣥࢭࣥࢧࡢእほࢆ♧ࡍ㸬ࡲࡓ㸪⾲ 2.3.5 ࡟ඹ㏻ࡢ௙ᵝࢆ♧ࡋ㸪
⾲ 2.3.6㸪⾲ 2.3.7 ࡟๓ᚋ࣭ᕥྑຍ㏿ᗘࢭࣥࢧ࡜࣮ࣚࣞ࢖ࢺࢭࣥࢧࡢ౑⏝ࢆ♧ࡍ㸬࡞࠾㸪
⾲୰࡟♧ࡍ9FFࡣ౪⤥㟁ᅽࢆ⾲ࡍ㸬ࢥࣥࣂ࢖ࣥࢭࣥࢧ࡜ࡣຍ㏿ᗘࢭࣥࢧ࡜࣮࣮ࣚࣞࢺ
ࢭࣥࢧࢆ 1 ࣃࢵࢣ࣮ࢪ໬ࡋࡓ」ྜࢭࣥࢧ࡛࠶ࡾ , ୺࡟㌴୧ጼໃไᚚࢩࢫࢸ࣒(ESC)࡟
࡚౑⏝ࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡽ 2 ࡘࡢࢭࣥࢧࡣ ‵ᗘ㸪ࣀ࢖ࢬ㸪⾪ᧁ࡟ᑐࡋ࡚᭱㐺࡟タィ
ࡉࢀࡓ㟁Ꮚᇶᯈ㸪ࢭࣥࢧ࣮ࢆ཰ࡵࡿࣁ࢘ࢪࣥࢢ࡟⤌ࡳ௜ࡅࡽࢀ㸪ཝࡋ࠸㌴㍕⎔ቃ࡟࠾





)LJ Combined sensor (Gyro sensor and accelerometer)

7DEOH  Common specification of acceleration and yaw rate sensor
Specification Value Unit
౪⤥㟁ᅽ (Vcc) 5.00 ± 0.25 V 
᭱኱㟁ᅽ 8.2 V 
౑⏝ ᗘ⠊ᅖ -30 ~ 80 Υ
㔜㔞 150 g 
7DEOH  Specification of acceleration sensor
Specification Value Unit
ຍ㏿ᗘ᳨ฟ⠊ᅖ s14.7 m/s2
࢜ࣇࢭࢵࢺฟຊ 0.5Vcc V 
ឤᗘ 0.2Vcc V/(9.8m/s2) 

7DEOH  Specification of yaw rate sensor
Specification Value Unit
ຍ㏿ᗘ᳨ฟ⠊ᅖ ±100 deg/s
࢜ࣇࢭࢵࢺฟຊ 0.5Vcc V 
ឤᗘ 0.04Vcc V/(deg/s)








)LJ AC servo motor









࣮ࣟࢱ័ᛶ࣮࣓ࣔࣥࢺ 0.135  10-4 kgm2












7DEOH Specification of servo amplifier
ୖ఩࢖ࣥࢱ࣮ࣇ࢙࢖ࢫ ࣃࣝࢫิ / ࢔ࢼࣟࢢ㏿ᗘᣦ௧㟁ᅽ
ࣃࣝࢫิධຊ ᭱኱ධຊ࿘Ἴᩘ 500 kHz
ࣃࣝࢫิᙧែ 1㸪ᣦ௧ࣃࣝࢫ /ᣦ௧➢ྕ  2㸪ṇ㌿ /㏫㌿ࣃࣝࢫ
3㸪90 ᗘ఩┦ᕪ 2 ಙྕ
ศ࿘ฟຊ 90 ᗘ఩┦ᕪ 2 ಙྕ
ศ࿘ฟຊࣃࣝࢫᩘ 16 ~ 16384 ࣃࣝࢫ /rev




※ DC24 V / 0.3 A 
ࢥࣥࢺ࣮ࣟࣝ⏝ධຊ DC24 V / 10 mA
౑⏝ ᗘ⠊ᅖ -10Υ ~ +55Υ




 ᅗ 2.3.13㸪ᅗ 2.3.14࡟࣮ࣟࢱ࢚ࣜࣥࢥ࣮ࢲ࡜཯ᑕ࣐࣮ࢡࡢእほࢆ♧ࡍ㸬ࡲࡓ㸪⾲ 2.3.10
࡟୺࡞௙ᵝࢆ♧ࡍ㸬᳨ฟჾ࠿ࡽ㉥እ⥺ࢆᨺࡕ㸪ᅇ㌿㍈࡟ᙜࡓࡗ࡚ᡠࡗ࡚ࡁࡓ཯ᑕගࢆ
᳨ฟࡍࡿ㠀᥋ゐ᪉ᘧᅇ㌿᳨ฟჾ࡛㸪ᅇ㌿㍈࡟཯ᑕ࣐࣮ࢡࢆ㈞ࡗ࡚౑⏝ࡍࡿ㸬ᮏ◊✲࡛
ࡣ㸪㌴୧㏿ᗘࢆィ ࡍࡿࡓࡵ࡟⏝࠸ࡿ㸬   
     )LJ  Rotary encoder          )LJ Reflection mark
7DEOH Specification of rotary encoder
Specification Value Unit




እᙧ 21(W) u 24(H) u 117(L) mm









)LJ  Digital tachometer
7DEOH  Specification of digital tachometer
Specification Value Unit
㟁※㟁ᅽ AC100~240 V 
ฟຊ᪉ᘧ 12bit D/A ኚ᥮᪉ᘧ - 
┤⥺ᛶ s % 
ฟຊ㟁ᅽ Hi ࣞ࣋ࣝ㸸㸩4.5  ௨ୖ
Lo ࣞ࣋ࣝ㸸㸩0.5  ௨ୗ V 
౑⏝ ᗘ⠊ᅖ 0 ~ 50 Υ
እᙧᑍἲ 96 (W) u 48 (H) u 148 (D) mm

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㸺/,'$5㸼
࣮ࣞࢨ ᐃࢩࢫࢸ࣒ LMS291-S05 SICK 〇
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  /,'$5 ࢆ⏝࠸ࡓ㞀ᐖ≀᳨ฟ࢔ࣝࢦࣜࢬ࣒ 
ᮏ⠇࡛ࡣ㸪࣮ࣞࢨ࣮ࣞࢲ࠿ࡽ≀యࡲ࡛ࡢ㊥㞳᝟ሗ5ࡼࡾṌ⾜⪅ࡢ఩⨨᝟ሗ SHG; , SHG<
࠾ࡼࡧṌ⾜⪅ࡢ;㍈᪉ྥ㏿ᗘ9SHGࢆ᳨ฟࡍࡿᡭἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬
 ᮏ◊✲࡛౑⏝ࡍࡿ࣮ࣞࢨ࣮ࣞࢲࡣ㸪࿘㎶࢚ࣜ࢔ࢆỈᖹ࡞ᡪ≧࡟ 180 ᗘࢫ࢟ࣕࣥࡋ㸪
᭱㛗 80mඛࡲ࡛ィ ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ᮏࢩࢫࢸ࣒࡛ࡣ㸪2 ᗘ้ࡳࡢ 180 ᗘศࡢ࣮ࣞ
ࢨ࣮ࣞࢲࢹ࣮ࢱ5ࢆ⏝࠸ࡿ㸬௨ୗ࡟㸪Ṍ⾜⪅఩⨨᝟ሗ SHG; , SHG< ࠾ࡼࡧṌ⾜⪅ࡢ;㍈᪉
ྥ㏿ᗘ9SHGࢆ᳨ฟࡍࡿ㐣⛬ࢆㄝ᫂ࡍࡿ࡟࠶ࡓࡾ㸪ᅗ 2.4.1 ࡟♧ࡍሙ㠃࡛ᐇ㝿࡟ྲྀᚓࡋࡓ











)LJ  Pedestrian detection in intersection
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)LJ  Flowchart of pedestrian detection process right turn maneuver 

 ὀ┠㡿ᇦෆࡢ⛣ື≀యࡢᢳฟ 
ᮏ◊✲࡛ࡣᅗ 2.4.3 ࡟♧ࡍࡼ࠺㸪᳨ฟ㡿ᇦ➃ᗙᶆ 0; , 0< ࠿ࡽṌ㐨ᖜ E㸪Ṍ㐨ཬࡧ࿘㎶
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ᘧ 2.4.1࡟㊥㞳᝟ሗR࡜ゅᗘT ࠿ࡽࡢṌ⾜⪅ࡢ⛣ືᗙᶆୖࡢⅬ[S㸪\Sࡢ⟬ฟᘧࢆ♧ࡋ㸪
ᘧ 2.4.2 ࡟㟼Ṇᗙᶆ࡬ࡢኚ᥮ᘧࢆ♧ࡍ㸬ࡲࡓ㸪ᅗ 2.4.3 ࡟ᐇ㝿࡟㌴୧ࡀ೵Ṇࡋࡓ≧ែ࡛
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)LJ  Analysis result of moving objects in Region of Interest
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7DEOH Condition of pedestrian crosswalk
6\PERO 9DOXH 8QLW
;F0 0.0 m 
<F0 -5.0 m 
K 10.0 m 




ࡿ」ᩘࡢᗙᶆⅬࢆ୍ࡘ࡟ࡲ࡜ࡵ㸪ࡑࡢ௦⾲್ࢆỴᐃࡍࡿ㐣⛬࡟ࡘ࠸࡚㏙࡭ࡿ㸬   
ᅗ 2.4.4 ࡟♧ࡍࡼ࠺㸪࠶ࡿᗙᶆⅬࡢ༙ᚄU 1௨ෆ࡟௚ࡢᗙᶆⅬࡀᏑᅾࡋࡓሙྜ㸪ࡑࢀ
ࡽࡢᗙᶆⅬࡣྠ୍≀య࡜ࡳ࡞ࡍ㸬࡞࠾㸪ࡇࡢࡼ࠺࡟」ᩘࡢᗙᶆⅬ࡛ᵓᡂࡉࢀࡿ≀యࢆ
୍Ⅼ࡛⾲ࡍሙྜ㸪ࡑࡢ≀య఩⨨᝟ሗࡣX㍈᪉ྥ࡟᭱ࡶ኱ࡁ࡞್ࢆࡑࡢ㞟ྜయࡢ఩⨨᝟
ሗ SHG; , SHG< ࡜ࡳ࡞ࡋࡓ㸬ᅗ 2.4.5 ࡟」ᩘࡢᗙᶆⅬ࡛ᵓᡂࡉࢀࡿ≀యࡢ㆑ูฎ⌮౛ࢆ♧
ࡍ㸬ࡲࡓ㸪U 1ࡢ್࡟ࡘ࠸࡚ࡣ㸪ᐇ㦂ࢆ㔜ⓗ࡟᳨ウࡋࡓ⤖ᯝ㸪ᮏㄽᩥ࡛ࡣ㆑ูࡍࡿ≀య
ࡢ኱ࡁࡉ࡟ᛂࡌ࡚U 1ࢆタᐃࡍࡿࡇ࡜ࡀᮃࡲࡋ࠸࡜⪃࠼㸪U1=0.5m࡜ࡍࡿ㸬



















)LJ  Laser radar data association








































)LJ  Analysis result of discriminate aggregation

 ⛣ື≀యࡢ㏿ᗘ⟬ฟᡭἲ 
㆑ูࡉࢀࡓ≀య఩⨨᝟ሗ SHG; , SHG< ࡼࡾ㸪ࡑࡢ≀యࡢ㏿ᗘࢆ⟬ฟࡍࡿᡭἲ࡟ࡘ࠸࡚㏙
࡭ࡿ㸬ᅗ 2.4.6 ࡟⌧ᅾࡢ≀యᗙᶆ࡜࣮ࣞࢨ࣮ࣞࢲࡢ᭦᪂࿘ᮇ࡛࠶ࡿGW⛊๓ࡢ≀యᗙᶆ
ࢆ♧ࡍ㸬ᅗ 2.4.6 ࡟♧ࡍࡼ࠺㸪⌧᫬้࡛ࡢ≀యᗙᶆࡢ༙ᚄr2௨ෆ࡟㸪 GW⛊๓ࡢ≀యࡢ
ᗙᶆࡀᏑᅾࡍࡿሙྜ㸪ࡑࢀࡽ஧ࡘࡢ≀యࢆྠ୍≀య࡜ࡋࡳ࡞ࡋ㸪ࡑࡢ;ᗙᶆࡢᕪ G; ࡼ
ࡾ⛣ື≀యࡢ㏿ᗘࢆ⟬ฟࡍࡿ㸬ᘧ㸦2.4.3㸧࡟⛣ື≀యࡢ㏿ᗘ⟬ฟᘧࢆ♧ࡍ㸬
        / /   SHG SHG SHG9 W G; W GW ; W ; W GW GW     (2.4.3) 
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ࡇࡇ࡛㸪U 2ࡢ್࡟ࡘ࠸࡚㏙࡭ࡿ㸬U 2ࡣ㸪࠶ࡿ≀యࡀ㸪 GWࡢ㛫࡟⛣ືࡍࡿ㊥㞳ࢆ⪃៖
ࡋ࡚Ỵᐃࡍࡿࡶࡢ࡜⪃࠼ࡿࡀ㸪≀య㆑ูฎ⌮࡟࠾࠸࡚㸪࠶ࡿ≀యࡢᗙᶆⅬࡀᖖ࡟ྠ୍
⟠ᡤ࡟࡞࠸ሙྜࡀ⪃࠼ࡽࢀࡿࡢ࡛㸪ᮏㄽᩥ࡛ࡣU1=U 2࡜ࡋࡓ㸬
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8 88 8) P D; ; ; ;     㸦2.5.2㸧
(a) Without obstacle
(b) Obstacle avoidance
)LJ One exampleof simulation results using potential field concept
 ࢖ࣥ࣍࢖࣮࣮ࣝࣔࢱࡢไ㥑ືຊไᚚ⣔ࡢタィ 









_ 2 F [ F [ 5P D ) )        (2.6.1) 








)LJ  1-wheel rotation model
ࡲࡓ㸪㌴㍯ࡢᅇ㌿㏿ᗘ࡜㌴య㏿ᗘࡢ㛫࡟ࡣᘧ㸦2.6.3㸧ࡢ㛵ಀࡀᡂࡾ❧ࡘ㸬
Z F Z9 U          (2.6.3) 
ᘧ㸦2.6.1㸧㸪ᘧ㸦2.6.2㸧㸪ᘧ㸦2.6.3㸧ࡼࡾ㸪┠ᶆ๓ᚋຍ㏿ᗘD[BF *ࡣᘧ㸦2.6.4㸧ࡼࡾ┠
ᶆࢺࣝࢡ7P *࡟ኚ᥮ࡉࢀࡿ㸬
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)LJ  Torque map
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Fig. 5.1.1 Snapshot of near-miss incident database




























Fig. 5.2.1 Pictorial diagram of pedestrian dart out scenario
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Fig. 5.2.2 Measurement data at intersection ID94
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100m ๓᪉࡟᩺ຊ࣏ࢸࣥࢩࣕࣝࡀ࠶ࡾ㸪ึᮇ㏿ᗘࡀ 20-70km/h ࡢሙ㠃࡛ࡢ㌴୧ᣲື
ࢆᅗ 5.2.3 ࡟♧ࡍ㸬࡞࠾㸪ࢩ࣑࣮ࣗࣞࢩࣙࣥ᮲௳࡜ไᚚࣃ࣓࣮ࣛࢱࡣࡑࢀࡒࢀ㸪⾲ 5.2.1㸪
5.2.2 ࡟♧ࡍ㸬
Table 5.2.1  Simulation condition   Table 5.2.2  Control parameters 
Symbol Value Unit
; F 0 0.0 m
< F 0 0.0 m
; UI 100.0 m
< UI 0.0 m
Symbol Value Unit
'PDUJLQ 2.0 m
' WK 20 m
9 F 0 20.0 ~ 70.0 km/h
9 UHI 0.0 m/s
PF 400 kg
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  WK S F S' W / W 9 W 7                         㸦5.2.8㸧
⮫⏺㊥㞳ࢆᘧ(5.2.8)࡛୚࠼ࡓሙྜࡢึᮇ㏿ᗘࡀ 20-70km/hࡢሙ㠃࡛ࡢ㌴୧ᣲືࢆᅗ
5.2.4 ࡟♧ࡍ㸬ࡑࡋ࡚㸪๓᪉ὀど᫬㛫ࡢᙳ㡪ࢆㄪᰝࡍࡿࡓࡵ㸪๓᪉ὀど᫬㛫7Sࢆ 1-5s







Table 5.2.3  Control parameters    Table 5.2.4  Control parameters 
(7S = constant)           (9F0 = Constant)
Symbol Value Unit
'PDUJLQ 2.0 m
7 S 1.5 s
9 F 0 20.0 ~ 70.0 km/h




7 S 1.0 ~ 5.0 s
9 F 0 30.00 km/h
9 UHI 0.0 m/s
PF 400 kg
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Fig. 5.2.4 Simulation result with changing 9F0
(7S = constant) 
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Fig. 5.2.5 Simulation result with changing 7S
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Fig. 5.2.6 Pictorial diagram of predictive virtual point
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D6 W 7 W                                                    㸦5.2.12㸧
⾲ 5.2.5࡟♧ࡍࢩ࣑࣮ࣗࣞࢩࣙࣥ᮲௳࡛㸪Ṍ⾜⪅ࡢண ㏿ᗘ SHG9 㸪᝿ᐃࡍࡿῶ㏿ᗘDPD[㸪
㞀ᐖ≀࡜Ṍ⾜⪅ࡢ㣕ࡧฟࡋ఩⨨ࡢ೫ᕪ;Hࢆࡑࢀࡒࢀኚ໬ࡉࡏࡓሙྜࡢ㸪ᚎ⾜㏿ᗘࡢኚ
໬ࢆᅗ 5.2.7 ࠿ࡽ ᅗ 5.2.9 ࡟♧ࡍ㸬
Table 5.2.5 Simulation parameter
Symbol Value Unit
9 F 0 30.00 km/h
1.5 m/s
; H 0.5 m
D PD[ -0.85 G

SHG9
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(a) 9SHG = 0.75 m/s (b) 9SHG = 1.00 m/s
(c) 9SHG = 1.25 m/s (d) 9SHG = 1.50 m/s
(e) 9SHG = 1.75 m/s (f) 9SHG = 2.00 m/s
Fig. 5.2.7 Simulation result with changing SHG9 








































































































































































































(a) DPD[ = -9.8 m/s2 (b) DPD[ = -8.8 m/s2
(c) DPD[ = -7.8 m/s2 (d) DPD[ = -6.9 m/s2
(e) DPD[ = -5.9 m/s2 (f) DPD[ = -4.9 m/s2
Fig. 5.2.8 Simulation result with changing DPD[









































































































































































































(a) ;H = 0.0 m (b) ;H = 0.4 m
(c) ;H = 0.8 m (d) ;H = 1.2 m
(e) ;H = 1.6 m (f) ;H = 2.0 m
Fig. 5.2.9 Simulation result with changing ;H







ᅗ 5.2.10 ࡟♧ࡍ㸬Ṍ⾜⪅࣭⮬㌿㌴ࡢ᝿ᐃ㏿ᗘ9SHGࡣඛ⾜◊✲ࡼࡾ 2.75m/s(48)࡜タᐃࡋ㸪
௚ࡢࣃ࣓࣮ࣛࢱࢆ๓⠇࡛ᚓࡽࢀࡓྛ✀ࣃ࣓࣮ࣛࢱࡢᙳ㡪࡟ᇶ࡙ࡁᐇ㦂ⓗ࡟Ỵᐃࡋࡓ㸬  
Table 5.2.6 Risk potential parameter setting based on expert driver’s data
Symbol Value Unit
7 S 4.75 s
; H 1.0 m
9 SHG 2.75 m/s
D [BF 0.7 m/s2
D PD[ -1.7 m/s2
ࠉ㸸Driver model with hazrad-anticipation
ࠉ㸸driver E2
ࠉ㸸driver E3







































Fig. 5.2.10 Comparison to hazard anticipatory system and expert driver’s data
_[










ࣞࢥ࣮ࢲ(HORIBA ࡝ࡽ⊧)ࢆᅗ 5.3.1 ࡟♧ࡍ㸬ࣄࣖࣜࣁࢵࢺࢹ࣮ࢱ࣮࣋ࢫࡣ㸪⮬ື㌴
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ࢆ⾜ࡗ࡚࠸ࡓࡀ㸪2010 ᖺ 10 ᭶࠿ࡽࡣ㸪ᮏᏛࡢỌ஭◊✲ᐊࡀ⮬ື㌴ᢏ⾡఍࡟௦ࢃࡾࢹ
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Fig. 5.3.2  Screen of distance measurement tool
;
<
Fig. 5.3.3 Coordinates of distance measurement tool





















Table 5.3.1 Accident and incident data for quantitative analysis







Fig. 5.3.4 Screen for searching
accident or incident data














5.4.2 ࡟♧ࡍ㸬ࡇࡢ࡜ࡁ㸪᭱ ኱ῶ㏿ᗘDPD[ࡣࢱ࢖ࣖ㊰㠃㛫ࡢᦶ᧿ຊࡢ㛵ಀࡼࡾ 8.33m/s2࡟
















Fig. 5.4.1 Pictorial diagram of simulation condition
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Table 5.4.1 Accident and incident data list
No Time Condition Objective Type of impact Data ID
1 18:50 Incident Bicycle CR/CW 6302
2 2:29 Incident Bicycle CR/CW 21510
3 9:58 Incident Bicycle CR/CW 26851
4 22:11 Accident Bicycle CR/CW 31422
5 16:43 Incident Bicycle CR/CW/PC 32894
6 20:48 Incident Bicycle PC 33461
7 1:02 Incident Bicycle CR/PC 67366
8 12:37 Accident Bicycle OC 74958
9 13:00 Accident Bicycle CR/CW/OC 75989
10 13:56 Incident Pedestrian CR/PC 83039
11 16:46 Incident Bicycle CR/PC 84162
12 11:43 Incident Bicycle CR/PC 84451
13 15:26 Incident Bicycle CR 97003
14 23:00 Incident Bicycle CR/CW 112969
15 6:24 Incident Bicycle CR/CW 113007
16 22:02 Accident Bicycle CR/CW 124259
17 21:40 Incident Bicycle CR/CW 150456
18 12:03 Incident Bicycle OC 155051
CR: Cross Road CW: Cross Walk PC: Parking Car OC: Oncoming Car
Table 5.4.2 Control parameters setting for simulation
Symbol Value Unit
7 S 4.75 s
; H 1.0 m
9 SHG 2.75 m/s
D [BF 0.7 m/s2
D PD[ -1.7 m/s2
_[
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Fig. 5.4.2 Comparison of automatic braking control system 
between the case of without hazard -anticipation
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Fig. 5.4.3 Effect assessment of hazard-anticipatory driving model
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